The report by Gumaste et al. [Gastroenterology 1991;101:1361-1366] that the lipase/amylase ratio (Lip/Amy) could be a new index distinguishing acute episodes of alcoholic (Lip/Amy >2) from nonalcoholic pancreatitis (Lip/Amy <2), with the critical value being Lip/Amy =2, has been followed by some debate between supporters and opponents. By comparing the Lip/Amy in a group of 16 carefully selected patients with mild acute gallstone-related (biliary) pancreatitis with that in a reference group of 44 controls, this study examines whether or not this ratio could be a useful index for diagnosing biliary pancreatitis. Considering that both pancreatic and hepatobiliary systems are blocked by stones, hepatic biochemical parameters such as serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and total bilirubin (TB) were also included in fitting the regression equation. The average value of Lip/Amy in the biliary pancreatitis group was 2.29 ± 0.93, while that in the control group was 1.30 ± 0.99. Thus, Lip/Amy was found to be a significant index for distinguishing mild acute biliary pancreatitis from nonpancreatitis. However, the critical value of Lip/Amy seemed to depend on the diet pattern and cultural background.
Introduction
It is well known that if the forward flow of bile acids is disturbed by liver disorders or bile duct obstruction, high level of bilirubin in the blood is observed. Similarly, if the forward flow of pancreatic juice is disturbed by disorders in the system, such as pancreatitis, high levels of serum amylase and lipase are observed. As the hepatobiliary system and the pancreatic system are linked with each other, the concentration of bilirubin and those of amylase and lipase in the blood are dependent upon one another. Thus when there is any problem in the enterohepatic circulation or the pancreatic juice flow, the two processes affect each other, resulting in elevation of the concentrations of these materials in the blood. Diagnosis of pancreatitis is usually based on the data of serum levels of hepatic and pancreatic biochemical materials [1] [2] . Amylase and lipase levels are known to be the most important factors in determining pancreatitis. It is well known that these levels are usually elevated in acute pancreatitis, without regard to whether it is of biliary type or alcoholic type. Furthermore, whether or not these levels can be used to discern between the two types has been also a matter of concern.
Gumaste et al. [3] reported that the lipase/amylase ratio could be a new index distinguishing acute episodes of alcoholic from nonalcoholic pancreatitis, with the critical value being 2. This report had been followed by some debate between supporters [4] [5] [6] [7] and opponents [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . In this study we reviewed the problem from a somewhat different point of view. We started with a retrospective review of the patients with pancreaticobiliary disorders including initial pancreatitis, gallstones, cholangitis and cancer. Among them only the subjects with pancreatitis caused by common bile duct stones were selected to make the classification clear. Confirming that bile duct stones were the major cause of both initial pancreatitis and post-ERCP (endoscopic retrograde cholangiopancreatography) pancreatitis reviewed in this work, these two kinds of pancreatitis were not differentiated with each other in this study. Here this category shall be called "the (nonalcoholic) biliary pancreatitis." Note that the bile duct stones contained both primary and secondary stones, and thus gallbladder motility-caused pancreatitis was also included. The main purpose of this work was to examine if the lipase/amylase ratio could be a significant factor for distinguishing biliary pancreatitis from nonpancreatitis with common bile duct stones. The regression equation approach was utilized along with the simple comparison method.
Patients

Patient group and control group
This work is a retrospective review of sixteen carefully selected patients with biliary pancreatitis caused directly by common bile duct stones admitted to a university hospital in Korea (2006 Korea ( -2007 . Forty-four subjects with successful extraction of common bile duct stones were also reviewed as controls in "the reference group." All sixty subjects had undergone ERCP along with endoscopic sphincterotomy (EST) and/or endoscopic balloon dilation. Thus, the patients who had undergone abdominal operation were not included. The patients with cancer, cholangitis, post-ERCP bleeding, and sphincter of Oddi dysfunction were not included either.
Diagnostic procedures for biliary pancreatitis
Initial diagnosis was based on generally accepted criteria. Abdominal pain in the epigastric or supraumbilical regions, very high elevation of amylase and lipase levels, high-grade fever and jaundice, and elevated bilirubin and hepatic transaminase levels were thought to be indications for biliary pancreatitis. Transabdominal ultrasonography and computed tomography were used if the initial diagnosis was in doubt. These techniques could aid in diagnosis of gallstone pancreatitis, thereby helping decide whether ERCP with EST could be used for stone extraction. Some advanced techniques such as endoscopic ultrasonography (EUC) and magnetic resonance imaging method (MRI) were not used here.
Methods
Lip-Amy-TB equation
Let the concentrations of serum lipase and amylase be X 1 ="Lip" and X 2 ="Amy" respectively. Although these two materials belong to the same category in the sense that they are secreted from acinar cells in the pancreas, the effective concentration X of the combined effect cannot be determined by simply adding X 1 and X 2 , since lipase digests fat and amylase digests carbohydrates. Here we suggest a more appropriate form for the combination as
X cX X , where the constant coefficient c and the power indices b 1 and b 2 can be determined in comparison with the measured data. Now let "TB" denote the concentration of total bilirubin in the blood, which is a representative material characterizing the hepatobiliary function. Note that the concentrations of all these materials increase in the blood when the hepatopancreatic ductal systems are blocked by gallstones. In light of the fact that the rate of increase in the effective concentration of the pancreatic enzymes depends on the change in Y="TB", we may adopt a model equation as dX/X = dY/a where a is a characteristic constant. The solution of this differential equation is known as X = X 0 exp(Y/a). By rearranging the characteristic constants we have
where the new characteristic constants A, a, and b are to be determined by fitting this equation to the observed (measured) data. The regression relation between "Lip" and "Amy" in patients with biliary pancreatitis can be obtained using Eq. (1), since contribution of TB is dominant. Note that the accuracy of this approximation improves as N (sample size) gets larger.
Lip/Amy-AST/ALT-ALP-TB equation
In this subsection we introduce a more accurate model than the Lip-Amy-TB equation. Some other laboratory parameters such as AST (aspartate aminotransferase), ALT (alanine aminotransferase), and ALP (alkaline phosphatase) are also known to be important in the diagnosis of pancreatitis. Adopting the suggestion made by Wang et al. [18] , AST/ALT can be a significant factor for gallstone-related pancreatitis. And thus the Lip/Amy ratio shall be analyzed in conjunction with the AST/ALT ratio and with ALP. For that purpose we will utilize the following model equation:
(Lip/Amy)
which can be derived in a manner similar to that used in deriving Eq. (1). Here the characteristic constants A, a, b, and c are to be determined by fitting Eq. (2) to the measured data. We excluded WBC (white blood cell) and GGT (gamma glutamyl transpeptidase) concentrations here for the sake of simplicity. If these two factors had been included, more accurate results would have been obtained. Table 1 shows the population of our patients (2006) (2007) . The first part shows that 75.8% had stones (gallbladder stones and/or bile duct stones), among which 23.7% had biliary pancreatitis. Note that classification by presence of gallstones was significant, while that by presence of common bile duct stones only was not significant. Tables 2 and 3 show the biochemical parameters for the biliary pancreatitis group and reference group, respectively. We find no crucial differences between the two groups, except for Lip and Amy, which implies that Lip and Amy are the most important factors distinguishing pancreatitis from nonpancreatitis in the patients with gallstones. Furthermore, overall deviation of distribution of the values of the respective materials is quite large, which made it difficult to analyze the data [see the mean values (mean) and standard deviation (SD) shown in the tables]. In this case, multivariate analyses using Eqs. (1) and (2) were helpful in more detailed analysis of the data. The pancreatitis included in this study represented an acute but mild form, and thus the mortality rate of the present group was zero. Note that post-ERCP pancreatitis with bleeding was not included here since hemorrhagic pancreatitis has comparatively high mortality. 
Results
Preliminary work
Overview of the data
Age Gender Amy[U/L] Lip[U/L] TB[mg/dL] AST[IU/L] ALT[IU/L] ALP[IU/L] WBC[1/mL] GGT[IU/L]
Regression equations for the Lip/Amy ratio
Eqs. (3)-(6) were obtained by fitting Eqs. (1) and (2) to the observed data. It is to be noted that TB (total bilirubin) concentration is enhanced when the hepatobiliary system is blocked by stones, and thus TB was taken as a reference parameter here. Comparing these equations (Table 4) , we obtained the following results.
(1) Not only <Lip> and <Amy> but also <Lip/Amy> were enhanced in patients with biliary pancreatitis when compared with those in the reference group. (2) In the biliary pancreatitis group, the Lip/Amy ratio was larger than 2. (3) On the other hand, no definite rule holds for the reference group. Thus in conclusion, association of acute mild pancreatitis with common bile duct stones is properly shown with a Lip/Amy ratio ≈2.
Discussion
Limitations of the present work
Although there are other causes of increased amylase and lipase levels, these are utilized in diagnosis of acute pancreatitis in general, since they are comparatively easy to measure. The levels of total bilirubin (TB) and hepatic parameters such as ALP, ALT and AST were also utilized here, since we were concerned with biliary pancreatitis. WBC and GGT were not included in the regression for the sake of simplicity. Furthermore, we were limited to the patients with mild acute pancreatitis who had undergone successful ERCP for stone extraction.
Lip/Amy ratio can be a weak index
Whether or not the Lip/Amy ratio can be a predictive index for mild acute biliary pancreatitis can be examined by comparing Eq. (3) with Eq. (5) and Eq. (4) with Eq. (6).
Eq. (3) shows that both Lip and Amy increase with TB in the biliary pancreatitis group, which is physiologically correct. Eq. (4) shows that Lip/Amy increases with TB for fixed values of AST/ALT and ALP in the biliary pancreatitis group. On the other hand, no definite regularity exists for the reference group. This partially supports the opinion that this ratio could be an index distinguishing pancreatitis from nonpancreatitis with the critical value being 2. However, the critical value seems to be variable. In the present work, the average value of Lip/Amy in the biliary pancreatitis group was 2.29, while that in the reference group with common bile duct stones only was 1.30. However, the value (1.30) for the reference group is meaningless. (AST/ALT) 1.13 exp(TB) (6) 
Concluding Remarks
The present study was conducted with patients with only initial common bile duct stones and gallstone-related mild acute pancreatitis. In order to make the problem simpler, the subjects with other complications were excluded. Thus the sample size was small (16 patients and 44 controls). Based on the rigorous statistical analysis, we could see that the Lip/Amy ratio could be an index in mild acute gallstone-related pancreatitis. However, the critical value seemed to differ from that obtained by Gumaste et al. [1] [(Lip/Amy) BP <2]. Frankly speaking, most of the male patients had been exposed to the dangers of alcoholism. In traditional Korean culture, drinking and smoking are considered to be requisites for manliness. Thus considering that total exclusion of alcoholic etiology in the gallstone pancreatitis group was difficult, every effort was made to sort out such subjects.
In conclusion, the Lip/Amy ratio can be a significant index for distinguishing mild acute biliary pancreatitis from nonpancreatitis but the critical value of Lip/Amy should be determined by taking into account diet pattern and cultural background.
Clinical relevance paragraph
Although rigorous multivariate methods [19] [20] [21] are available for diagnosis of biliary pancreatitis, they are beyond the ability of many mediocre (general) practitioners. Measuring the Lip/Amy ratio is very simple and easy, and thus can be utilized in the early-stage judgment.
